Abstract: In this study, Activated Sludge Model No. 1 (ASM1) was used for modelling of wastewater treatment plant. The operational data of municipal wastewater treatment plant (WWTP) were collected and treated. Experimental data and biological treatment technology were structured according to the mathematical model requirements. They were implemented into computer scheme of the plant. Very good agreement between the experimental and calculated MLSS and effl uent concentrations of the monitored pollution indicators was obtained after calibration of the model. The calibrated model was used to analyze the infl uence of oxygen concentration in the reactor and the infl uence of the prepared substitution of anaerobic sludge stabilization by aerobic technology on effl uent quality. Changes of oxygen concentration signifi cantly infl uenced the effl uent values of ammonium nitrogen and nitrate nitrogen. Considerable increase of MLSS resulted from dynamic simulations performed for biological treatment with aerobic sludge stabilization. In both cases the results of dynamic simulation indicate that the WWTP will comply with the effl uent standard values.
Introduction
Mathematical modelling has become a powerful tool for design and operation of activated sludge systems. Operational diffi culties together with nutrient removal greatly increased the demand for process modelling. Considering the design, modelling has led to the identifi cation of procedures to estimate the optimal or near optimal design confi guration, reactor size, operational parameters and estimation of the expected response (Henze et al., 1987) . Activated sludge models (ASM's) rely on collected and measured data of the actual treatment process. In most studies these data are taken for granted and much emphasis is given on estimation of kinetics and stoichiometric coeffi cients of the model parameters. However, the model can be infl uenced more by the operational data in comparison to most of the model parameters (Meijer et al., 2001 ). The development of ASM's leads to a much better understanding of different treatment processes. An adequate wastewater characterization is one of the dominating factors for the quality of model predictions (Roeleveld et al., 2001 ). Municipal wastewater is composed of a complex mixture of organic substrates and biodegradation of different organic fractions. They have to be described separately to allow for an adequate model under dynamic conditions. Ekama and Marais (1979) divided the wastewater into two biodegradable fractions that are degraded in two different rates: A readily biodegradable fraction consists mainly of soluble organic matter and the slowly biodegradable fraction consists of large molecules, colloids and particles that have to be hydrolyzed before degradation. The distinction between these two fractions has been made on the basis of biological response, not on physical separation. The results of dynamic simulations of the real WWTP using the Activated Sludge Model No. 1 (ASM1) are presented in the paper. The objective of dynamic simulations is to assess the treatment potential of the WWTP in Trenčianska Teplá after substitution of anaerobic sludge stabilization technology by aerobic stabilization.
Theoretical
For modelling of activated sludge process a wide variety of approaches has been developed. In 1986, the IAWPRC Activated Sludge Model No.1 (Henze et al., 1986) was published, summarizing earlier attempts at modelling carbonaceous oxidation, nitrifi cation and denitrifi cation. This model represents the state of the art in modelling the activated sludge process and is therefore implemented in almost all commercial software packages and is widely applied. ASM1 includes 8 biochemical processes, 13 process components and 19 biokinetic parameters (Henze et al., 1987) . The model includes the following processes: aerobic and anoxic growth of heterotrophs, aerobic growth of autotrophs, decay of heterotrophs and autotrophs, amonifi cation of soluble organic nitrogen, hydrolysis of entrapped organics and entrapped organic nitrogen. Single components, parameters and coeffi cients which are the base of the model are shown in Table 1 and  Table 2 . The Monod type reaction kinetics is applied to describe the transformation of process components through biochemical process included in this concept. An example of the Monod type reaction rate ρ 1 for aerobic growth of the heterotrophic biomass process rate can be expressed as follows (Henze et al., 1987) . 
Results and discussion
Simulation program ASIM 4.1 for dynamic simulations was used. In Table 1 , the infl uent wastewater characteristics are given. Fractions of COD and nitrogen pollution were obtained experimentally using biodegradability tests (Holba, 2003) . These values were used for simulations as the infl uent concentration data. The calibration was carried out with the aim to achieve minimum differences between the experimental and calculated mixed liquor suspended solids (MLSS) and pollution concentration values at effl uent of the WWTP. In Table 2 , values of the kinetic and stoichiometric parameters are summarised before and after calibration of the model.
The average temperature of 13 °C was used for simulations. The diurnal variation of infl uent was provided by the operator of the WWTP. The diurnal variation of composition was not available, so it was generated by using an algorithm which generates a matrix of hydrographs, describing the variable infl uent and composition to the WWTP at defi ned points in the time. This algorithm is implemented in SIMBA 6 simulation program (ifak, 2009 
Infl uence of oxygen concentration in biological stage on effl uent quality
The oxygen concentration in reactor was measured online every hour. In 2011 average value of oxygen was 2.5 mg l -1
, minimum value was 1.0 mg l -1 and maximum value was 6.3 mg l -1 . Calibrated model (calibration performed in previous part) was used for the dynamic simulation. The results of simulations are presented in Table 4 . The results show the infl uence of oxygen concentration in the reactor on effl uent concentration values. The results showed that the change in oxygen content in the reactor had no signifi cant effect on the effl uent values of COD and MLSS. Increase of oxygen concentration led to the decrease of ammonium nitrogen and consequently to signifi cant increase of effl uent nitrate nitrogen concentration. Obviously, an opposite effect on the values NH 4 -N and NO 3 -N was observed by decreasing the concentration of oxygen. 
